Background: Nocturnal and early morning hypertension are both significant risk factors for cardiovascular events. It remains unclear whether anxiety disorder affects nocturnal blood pressure (BP), early morning BP, or BP pattern in hypertensive patients.
he World Health Organization predicts that ischemic heart disease will be the leading cause of morbidity worldwide in 2020, and that major depression will be the second leading cause. 1 Cardiovascular disease and mental disorder will clearly have important and interrelated influences on the management of world health in the future.
The incidence of acute myocardial infarction (AMI) rose gradually but steadily in Japan from 1990 to 2001, and a leading cause of AMI in the Japanese population is hypertension. 2-4 A meta-analysis of large-scale studies in Japan found an association between elevated blood pressure (BP) and a higher incidence of cardiovascular events. 5 Cardiovascular events often occur early in the morning, and nocturnal hypertension, early morning hypertension, and morning BP surge are thought to be independent coronary risk factors for cardiovascular events. [6] [7] [8] [9] Meanwhile, the rates of depression and anxiety disorders have increased all over the world, including in Japan. As in other parts of the world, the trend in Japan has been imputed to social and mental stresses. 10 A person's mental state is closely associated with lifestyle, and affects the development of ischemic heart disease. Depression and anxiety disorder have been established as independent risk factors for hypertension and AMI onset. 11- 16 Only a few reports have evaluated nocturnal and early morning BP in association with mental disorders. 17 Most of the BP data reported in large-scale studies on anxiety disorder and hypertension overseas are based on measurements taken during physician check-up or at home. 11-14 Thus, few studies have investigated how psychological stress influences nocturnal BP, early morning BP and morning BP surge in patients with hypertension. In Japan specifically, we found no reported data on anxi-Anxiety Disorder and Hypertension ety disorder and 24-h BP variation in the domestic population.
The purpose of the present study was to evaluate how anxiety disorder influences 24-h BP variation using ambulatory BP monitoring (ABPM) in patients with controlled hypertension.
Methods

Subjects
One hundred and twenty consecutive outpatients with essential hypertension (mean age, 66±11 years; 77 men and 43 women) who visited the Showa University Hospital during a 2-year period from April 2008 to March 2010 were recruited into this study. None of the patients enrolled had chest symptoms, significant changes in chest X-rays or electrocardiographic findings, or changes of oral medicine within the past year. Patients with a history of significant atrial or ventricular arrhythmia, pacemaker implantation, significant valvular heart disease, primary kidney disease, diabetes mellitus, sleep apnea syndrome, stroke, or other neuromuscular disorders associated with the effects on BP on the circadian rhythm were excluded from the study. 18-21 This study was designed as a cross-sectional study and was approved by the ethics committee of the hospital, and written informed consent was obtained from all of the patients before participation.
ABPM
Non-invasive ABPM measurements were taken with an oscillometric monitor (TM-2425; A&D Company, Tokyo, Japan) every 30 min to record the systolic BP, diastolic BP and heart rate continuously over a 24-h period. Patients were instructed to follow their normal routines of daily life after leaving the physician's office, to immobilize their arms during cuff inflation and to record their bedtimes and rising times in the diary. Stored data were analyzed using commercially available software for the oscillometric monitor (TM-2025; A&D Company).
Systolic BP was used for all calculations, and 4 items shown in Table 1 were evaluated according to the method reported by Kario et al. 7, 22 Anxiety and Depression Screening Scale We investigated the presence of anxiety disorders by having the patients fill out the Hospital Anxiety and Depression Scale (HADS), 23-25 a simple yet reliable self-assessment screening questionnaire, on the same day as undergoing ABPM. The Japanese version of the HADS is considered to be reliable and valid as a screening method for emotional disorders. 25 The HADS consists of 14 items and 2 subscales, 1 for depression and 1 for anxiety. Each item is rated on a 4-point (0-3) scale, allowing for a maximum score of 21 for depression and 21 for anxiety. A score of ≥11 on either subscale is thought to indicate a significant case of psychological morbidity. 23, 25 In this study, we evaluated only the 7 items on the anxiety subscale. The patients were instructed to answer the questions in a short time, without too much thinking, as immediate responses tend Defined as a rise in BP ≥50 mmHg (10 th percentile of the systolic BP) during the morning (early morning BP minus nocturnal minimum BP). Figure 1 . Twenty-four-h, diurnal, nocturnal, early morning, and nocturnal minimum blood pressure (BP). Blue bars, control group; red bars, anxiety group. There was no significant difference in the mean diurnal BP (control group vs. anxiety group, 142±15 mmHg vs. 144±13 mmHg), while the mean 24-h, nocturnal, and early morning BP were significant higher in the anxiety group (143± 13 mmHg, 142±16 mmHg, and 151±21 mmHg, respectively) than in the control group (137±14 mmHg, 126±14 mmHg, and 141± 20 mmHg, respectively; P<0.03, P<0.0006, and P<0.03, respectively). Likewise, the nocturnal minimum BP was also significantly higher in the anxiety group (129±20 mmHg) than in the control group (114±16 mmHg, P<0.001). Anxiety Disorder and Hypertension to be more accurate and require less anxious reflection. The HADS anxiety subscale questionnaire normally takes only 2-5 min to complete. The questions the patients answered are listed in Table 2 . We divided the hypertensive patients into 2 groups, based on the HADS score: a control group (HADS ≤10) and an anxiety group (HADS ≥11). ABPM measurements, clinical characteristics, and sleep disturbance, and medications for the management of sleep disturbance (ie, sleeping pills, minor tranquillizers, and anti-depressive drugs) were compared between the 2 groups.
Definition of Sleep Disturbance
Patients who answered "no" to the question "Can you usually sleep well?" or who answered "yes" to the question "Do you usually take sleeping pills as a sleep aid?" were defined as "patients with sleep disturbance".
Statistical Analysis
All data are presented as mean ± SD. Student's t-test for unpaired data and chi-square test with Yates correction were used for differences between the 2 groups in the mean of continuous measures and prevalence rates, respectively. Relationships between the distribution of BP pattern and the relative risk of existing anxiety disorder in non-dipper type and risertype hypertension were compared using chi-square test with Yates correction, and incremental odds ratio with 95% confidence interval (95%CI) were calculated. Statistical significance was set at P<0.05. Table 3 lists the clinical characteristics and medications for the control group and the anxiety group. There were no significant differences between the groups in age, sex, height, or weight, but the anxiety group had a significantly greater body mass index (BMI; weight/height 2 ) than the control group. There was no significant difference between the 2 groups in systolic BP or diastolic BP measured during the physician check-up, but the anxiety group had a significantly higher heart rate than the control group. There were no significant differences in the incidence of previous cardiovascular events, complication of dyslipidemia, or use of anti-hypertensive drugs. The remedy rate of sleeping pills and minor tranquilizers, however, was significantly higher in the anxiety group (35.7%, 14.3%) than in the control group (6.4%, 6.4%; P<0.00001, P<0.00001; respectively). Three patients (7.1%) received antidepressants in the anxiety group, but no patients were taking antidepressants in the control group.
Results
Subjects
There were no differences in alcohol consumption or smoking habit between the 2 groups. Figure 1 shows the means of the 24-h, diurnal, nocturnal, early morning, and nocturnal minimum systolic BP measured on ABPM. There was no significant difference in the mean diurnal BP, but the means of the 24-h, nocturnal, early morning, and nocturnal minimum BP were significantly higher in the anxiety group than in the control group. Meanwhile, diastolic BP and heart rate measurements during diurnal, nocturnal, and early morning were comparable between the 2 groups ( Table 4) . Therefore, we used systolic BP in all the calculations. Figure 2 shows the distribution of the 4 BP patterns and the correlation between the presence or absence of anxiety disorder and each BP type. In the control group, 8 of the patients had extreme-dipper type, 29 had dipper type, 31 had non-dipper type, and 10 had riser-type hypertension. In the anxiety group, 11 of the patients had dipper type, 14 had non-dipper type, and 17 had riser type. None of the patients with extremedipper-type hypertension were in the anxiety group. The relative risk of existing anxiety disorder for the riser type was 4.48-fold higher (significant; 95%CI: 1.58-12.74; P<0.005) than that for the dipper type. Figure 3 shows the means of the diurnal, nocturnal, and early morning systolic BP in patients with morning BP surge defined as BP rise ≥50 mmHg (10 th percentile of systolic BP of this patient group) during early morning between the 2 groups. Three of the 7 patients had extreme-dipper type, 2 had dipper type, and 2 had non-dipper type in the control group. None of the patients with riser-type hypertension in the control group had morning BP surge. In the anxiety group, 1 of the 5 patients had dipper type, 2 had non-dipper type, and 2 had riser type. There was no significant difference in the mean diurnal BP, while the means of the nocturnal and early morning BP were significantly higher in the anxiety group than in the control group. Figure 4 shows the BP variation measured on ABPM every 30 min during the diurnal and nocturnal periods between the 2 groups. BP variation was significantly greater in the anxiety group than in the control group in both periods. The nocturnal BP variation was significantly lower than the diurnal BP variation in the control group. No significant difference was found, however, between the nocturnal and diurnal BP variation in the anxiety group, given that the nocturnal value remained fairly high, at a level comparable to the diurnal value.
ABPM
Sleep Disturbance
The prevalence of sleep disturbance was significantly higher in the anxiety group (64.3%) than in the control group (11.5%; P<0.0001).
Discussion
In general, it is thought that patients with emotional disorders respond to even a small event sensitively. In the weeks after the Hanshin Awaji great earthquake disaster of 1995, the BP of the local population increased contemporaneously with a significant increase in the incidence of AMI. 26, 27 Data from this famous catastrophe show how elevated BP ties in with the association between emotional disorders such as a fear or anxiety and cardiovascular events. Therefore, it is reasonable and important to evaluate whether circadian rhythm of BP in hypertensive patients with anxiety disorder differs from that of control patients. To the best of our knowledge, this is the first study to evaluate how anxiety disorder influences 24-h BP circadian rhythm measured on ABPM in Japanese patients with controlled hypertension.
In this study, the anxiety group had a significantly greater BMI than the control group. A number of previous studies have reported that the psychological factors such as depressive syndrome and/or anxiety disorders predict the risk for devel- Figure 3 . Comparison of diurnal, nocturnal, and early morning blood pressure (BP) in patients with morning BP surge (BP rise ≥50 mmHg during early morning). Blue bars, control group; red bars, anxiety group. There was no significant difference in the mean diurnal BP (139±15 mmHg vs. 142±13 mmHg) between the 2 groups (control vs. anxiety), while the mean nocturnal and early morning BP were significantly higher in the anxiety group (132±14 mmHg vs. 180±19 mmHg) than in the control group (109±11 mmHg vs. 154±18 mmHg; P<0.001, P<0.005, respectively). Anxiety Disorder and Hypertension oping metabolic syndrome, and that psychological factors may play a causal role in the chain of events leading to metabolic syndrome. 28, 29 It has also been reported that metabolic syndrome, in particular obesity, is predictive of depressive symptoms. 30 Although BP measurements at physician check-up were well controlled in both groups, ABPM-measured nocturnal and early morning BP were significantly higher in the anxiety group than in the control group. Further, the relative risk of existing anxiety disorder was significantly higher in the risertype hypertension than that in the dipper-type hypertension. In addition, in patients with morning BP surge, the nocturnal and early morning BP were also significantly higher in the anxiety group than in the control group. Of note is the presence of riser-type hypertension in patients with morning BP surge in the anxiety group. It is thought that morning BP surge is difficult to produce in riser-type hypertension, and some patients in the anxiety group had not only excessive nocturnal hypertension but also morning BP surge. We believe that these patients in the anxiety group with morning BP surge are at greatest risk of cardiovascular events. These data suggest that anxiety disorder, in itself, may be a risk factor for cardiovascular events. [5] [6] [7] Regarding the size of the BP variation, during both the diurnal and nocturnal periods this was significantly higher in the anxiety group than in the control group. Moreover, the nocturnal BP variation in the anxiety group remained high without decreasing. Flattola et al reported that BP variability is an independent risk factor for cardiovascular events and may be a predictor of multiple organ failure regardless of the absolute BP. 31- 35 In any case, we can predict with high confidence that anxiety disorder is a serious risk factor for cardiovascular events in patients with significant elevation in both nocturnal and early morning BP, in combination with higher BP variation.
Regarding the mechanism of the nocturnal and early morning hypertension, it has been reported that sleep disturbance is the main cause. 36-39 Sleep disturbance is thought to be produced by elevated sympathetic nervous activity during the nocturnal period. Meanwhile, sleep disturbance is also a typical symptom of major depression and anxiety disorder. In experiments using an isotope-dilution, norepinephrine kinetic technique to estimate the rates of norepinephrine appearance and clearance in plasma, Veith et al found a relationship between sleep disturbance in major depression and elevated sympathetic nervous activity. 40 In light of this, we can believe that the elevated BP and greater BP variation during the nocturnal period in the anxiety group probably resulted from excessive tension due to sleep disturbance in the night.
Regarding the proportion of patients having emotional disorder such as depressive and anxiety disorder among cardiology patients, Nakatsu et al reported that approximately 30% of hypertensive outpatients who visited a hospital cardiovascular outpatient department were in a depressive mood. 41 In the present study, BP was measured very accurately on ABPM, leaving little room for doubt about the role that anxiety disorder played in the patients with nocturnal hypertension, particularly riser-type hypertension, accompanying morning BP surge. For this reason, it is suggested that they should be medicated with sleeping pills or antidepressants (eg, paroxetine), along with conventional anti-hypertensive therapy. 42 
Study Limitations
There were several limitations in the present study. First, we investigated a relatively small number of patients. It has been reported that sex differences are associated with effects on BP, 43 but investigation of sex differences was not done in this study. Future studies with larger numbers of patients are needed. Second, ABPM and self-assessment screening questionnaire (HADS) were done on random days of the week. If, instead, we had uniformly collected these data on the same day of the week, we would have controlled for "Monday surge" (the transient rise of BP on Monday) or "7-day rhythm" reported by Shinagawa et al. 44 A more correct evaluation may have been obtained if the measurements were performed several times and averages were used. Third, we could not determine an association between metabolic syndrome and anxiety because waist circumference was not measured. Fourth, we could not evaluate sympathetic nerve activity because the subjects were ambulatory hypertensive outpatients, which made it impossible to measure a direct index of sympathetic nervous activity. In future we plan to evaluate the relationship between sympathetic nervous activity and anxiety disorder in hypertensive inpatients using improved methods.
Conclusions
Anxiety disorder is associated with nocturnal and early morning hypertension with or without morning BP surge. It is also associated with greater all-day BP variation. Physicians should pay more attention to mental status when managing hypertension, because anxiety disorder may be a risk factor for cardiovascular events in itself.
